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PRE Cle ALON s Ne EN @@ iT TisiiNGES 

By GG. ABBOT, Disc 

Research Associate, Smithsonian Institution 

TWENTY-FOUR YEARS AGO I reported a family of regular harmonic 
periods, both in solar variation and, with identical periods, also 

implicit in weather records.t Twenty-seven members of this family 

in weather are of sufficient amplitude to produce by their combined 

simultaneous influence at least 60 percent control of precipitation. 

In 1960 the Smithsonian Institution published my paper A Long- 
Range Forecast of United States Precipitation.” * That paper tabu- 

lated precipitation for 32 cities in monthly and 4-monthly intervals 
from 1950 through 1967. Besides its usual free distribution of 

1,500 copies, the Smithsonian sold over 5,000 copies. 

The purposes of the present paper are: 

(a) To acquaint foreign meteorologists with our results on solar 

radiation and weather. 

(b) To publish forecasts for 23 cities, 1965 through 1970, and also 

to compare the forecasts from 1950 through 1964 with observed 

precipitation. The forecasts will be based exclusively on the meteoro- 

logical records, 1870-1949. 
(c) To indicate to what extent such forecasts are devalued by the 

severe bombing of England, Germany, and Japan in 1944-1945, and 
by the far greater hydrogen bomb explosions by the United States 

and the U.S.S.R. around 1950 and about 1960. 

HISTORICAL SUMMARY 

A succinct history of the entire research, completely illustrated and 
documented,* was published by the Smithsonian (Publication 4545) 

1 Published as Chapter VII, vol. 2, 2d edition, 1943, Smithsonian Scientific 

Series. Republished by Smithsonian Institution separately, 1962, as Publica- 

tion 4505. 

2 Smithsonian Miscellaneous Collections, vol. 139, No. 9, Publication 4390, 
1960. 

8 Solar Variation and Weather, Smithsonian Miscellaneous Collections, 
vol. 146, No. 3, Publication 4545, 1963. 
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in 1963. References to the original sources are given in the Appendix 
to Publication 4545. The Journal of Solar Energy and Engineering 

in 1957 and 1958 published the essentials and details of procedure 
found necessary to make long-range weather predictions. (See 

“Supplementary References,’ Smithsonian Publication 4545, 
page 67). Certain modifications of these directions will be given 

below. Another paper worth attention is Solar Variation, a Leading 
Weather Element.t Finally, Publications 4656 ° and 4659,° 1966, are 

of special interest. 

It is well nigh certain that a theoretical link connects periodic solar 

variation with weather. Because the harmonic family of 27 members 

related to 273 months occurs with identical periods in both. Thus far, 
no meteorologist, or mathematician skilled in hydrodynamics, has 

sought this link. I, indeed, have made a suggestion toward it. 
(Smithsonian Publication 4135, p. 3). Generally the principal fea- 

tures of changes which result from periodic solar variation occur 
simultaneously in graphs comparing forecasts with observation. 

Occasionally, however, large shifts of the order of 3 to 5 months 

occur between the dates predicted and effects observed. 

To demonstrate that 27 regular weather periods exist, hitherto 
officially unrecognized, but of sufficient amplitude to mainly control 

precipitation and temperature, I will repeat below some proofs given 
in Smithsonian Publication 4545, and add new ones from the present 
studies. It will not be necessary in these weather studies to consider 
variations in solar radiation, because (apart from a recognition of 

the well-known sunspot cycle of 114 years) all predictions of weather 

to be given below are exclusively based on, and computed solely from, 

World Weather Records, volumes I, I, III, IV, published by the 

Smithsonian Institution and the U.S. Weather Bureau. The weather 

records to be used in predicting all lie within the interval 1870-1949. 
Records of 1950-1965, used below for comparison with predictions, 

have been furnished mainly by Dr. H. Landsberg, climatologist of 
the U.S. Weather Bureau, and partly by my own correspondence with 

friends in several countries. 
The phases, but not the lengths, of the 27 weather periods used 

4 Smithsonian Miscellaneous Collections, vol. 122, No. 4, Publication 4135, 

1953. 
5 An Account of the Astrophysical Observatory of the Smithsonian Institu- 

tion, 1904-1953, Smithsonian Miscellaneous Collections, vol. 148, No. 7, 

Publication 4656, 1966. 

6 Forecasting from Harmonic Periods in Precipitation, Smithsonian Mis- 

cellaneous Collections, vol. 148, No. 8, Publication 4659, 1966. 
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vary from place to place and from time to time because of atmospheric 

differences in transparency which alter timing. So each station must 

be treated separately, and atmospheric confusion eliminated. To 
accomplish the elimination of atmospheric confusion, I divide the year 
into seasons: January-April; May-August; September-December. 

I also treat in two separate groups intervals when Wolf sunspot 

numbers are 220. Finally, I divide the basic interval, 1870-1949, 

approximately into halves, because forestry, manufacturing, and gas- 

propelled transportation, accompanying population increases, change 

the transparency of the air. See figure 1. 
In official publications of monthly weather tabulations all available 

years are generally averaged into monthly normals. I found it 
necessary to distinguish in separate groups the months when Wolf 

numbers of sunspots are 220. For there are important differences 

between these groups both in mean amplitude and in run through the 
year. So the monthly percentages of normal were computed by 
Mr. Jon. Wexler to suit two sets of monthly normals, with Wolf 

numbers 220. 

The elimination of the atmospheric confusion of phases, to which 
I have just referred, required electronic tabulations of no less than 

222 independent groups of precipitation values for each of the 
23 foreign stations listed below. My assistant, Mrs. Lena Hill, and 

I have received from Mr. Wexler for each station a packet of elec- 
tronically printed paper 15 inches square and #-inch thick. It required 

us to work about 2 months to make the desired forecast for each 

station, after we received these sets of 222 tabulations made by 

Mr. Wexler. Some years earlier he also had prepared the records of 
precipitation for 32 United States cities forecasted in Smithsonian 
Publication 4390, and for the 10 temperature stations forecasted in 

Publication 4471.7 

CEASSIAIGA@ Ns 

The following nomenclature is adopted (see figure 1) : 

Category 1, Wolf sunspot numbers <20. Category 2, Wolf num- 

Bets: 20: 
Division 1, years 1870-1909. Division 2, years 1910-1949. 

273 273 
Chien vor jerieds == 63 up to 73 

January to April; May to August ; September to December. 

the year is subdivided as follows: 

7 A Long-Range Temperature Forecast, Smithsonian Miscellaneous Collections, 

vol. 143, No. 5, Publication 4471, 1961. 



FIRST HALF, 1870-1909 

A,* Jan.-Apr. A, Jan.-Apr. 

B,* May-Aug. B, May-Aug. 

0Z < ssBquinyy 419M “II Asobayes 0Z = SAOQuinyy FIOM | Kiobayes 

C,' Sept.-Dec. C, Sept.-Dec. 

SECOND HALF, 1910-1949 

A,' Jan.-Apr. A, Jan.-Apr. 

B, May-Aug. 

C.' Sept.-Dec. C. Sept.-Dec. 

Fic. 1—Groups of harmonic periods. Distribution of records 

for periods under 16 months. 
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This subdivision of the records requires electronic tabulation for 
each city to make 222 separate tables, as follows: 

The 15 periods, 44 months to 154 months, 3x15x2x2=180 

The 9 periods, 184 months to 454 months, 9x22 

The 3 periods, 542 months to 91 months, 

= 30 

6 
222 

3x2 

Total 

Tas_eE 1.—Periods, harmonics of 273 months, used for forecasting 

Fraction Months 

LU ee 91 

UA CIES ccc 6814 

it Cee 5434 

ASR pola ae 45% 

SY aa Ee. 39 

Le eee 3448 

TG deve 3014 

Occ 27%40 

UA tae xan 2494 

Fraction Months 

LONE Sears 2234 

gee ree 1914 

Denys ext 1814 

EEN Gente OT 154% 

Look Aaceta: 131% 9 

Die eeu eurts 13 

Taian e chet 12% 

Ack siete 11% 

aT aero a OF 10% 

DATES 

Fraction Months 

15 teks, ste 10% 

aS earee 934 

Dees ene 940 

LU Gieek eae ee 81 

LAs iri 7/2 

Se ee 7 

AVA a ate 6%45 

ay Or Se eee C 548 

eet ncs Ph 41% 

The dates given in table 2 may be used to separate (SS>20 and 
SS<20) groups of months.*® 

TABLE 2.—Intervals for Wolf Sunspot Numbers 220 

July 
Jan. 

July 
Apr. 

Mar. 

Jan. 

May 

Dec. 

Aug. 

June 

1857— Aug. 
1880— July 
1903— Mar. 

1925— May 

1945— Jan. 

1854— June 

1875— Dec. 

1898— June 

1921— Mar. 

1942— Feb. 

1865 
1886 
1910 
1931 
1953 

1857 
1879 
1903 
1925 
1945 

Soe 20 

S120 

Mar. 

May 

Jan. 

Mar. 

May 

Sept. 

Aug. 

Apr. 

June 

Feb. 

1868—Apr. 1875 
1891— Nov. 1898 
1915—July 1921 
1935—May 1942 
1955— (May 1962) 

1865— Feb, 

1886— Apr. 

1910— Dec. 

1931— Feb. 

1953— Apr. 

1868 
1891 
1914 
1935 
1955 

Supplementary dates—In our use of tables of periods in weather 
for forecasting beyond 1957, it is necessary to make extrapolations 

8 SS stands for sunspots. 
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for Wolf numbers beyond 1962 from the table of dates (table 2). 
Ths is done (of course with marginal uncertainty) by averaging the 

intervals (given above) in months of SS>20 and SS<20, and 
assuming that future sunspot intervals will be approximately the 
same as these averages. The uncertainty will not lead to important 
errors of forecasts, for generally the curves representing SS>20 and 
SS<20 for the periods are similar for a given period, and differ but 
a few months, or even not at all, in phases. I use for future intervals 

after 1962: for SS>20, 84 months ; for SS<20, 54 months. 

PLACES SELECTED FOR FORECAST STUDY 

TABLE 3.—Cities where precipitation is forecasted 

In Europe: Greenwich, Paris, Madrid, Uppsala, Copenhagen, Berlin, Vienna, 

Rome, Sibiu, Moscow, Kief, Athens, Orenburg 

In Asta: Nagpur, Tokyo 

In AustraL-Asta: Adelaide, Wellington 

In Arrica: Tunis, Lagos, Johannesburg, Cape Town 

In SoutH America: Rio de Janeiro, Buenos Aires 

Note.—Records for Rome were unavailable to Mr. Wexler after 1930. From 

1950 onward the effects of the hydrogen bombing prevented any good forecasts 

for Rome up to 1962, and left no means of knowing what, if any, adjustments 

for scale and level should be made, 1963-1970. I will use one figure to show that 

before 1930 Rome reacted to the periodic impulses as well as other stations. 

Records for Orenburg were so very irregular in amplitudes that no forecast 

was prepared. 

INFLUENCE OF HARMONIC PERIODS 

All of the 27 harmonics appeared implicitly in the records of 

precipitation in sufficient amplitudes to be of importance for con- 

trolling precipitation in all of 55 stations so far studied in the world. 
All of the 27 periods approximate in form to sine curves, when 
cleared of overriding subperiods and graphed. As stated above, their 

phases are different in different places, in different times, and suffer 
different displacements of phases, varying with length of period. 
This leads to the classification above shown in figure 1, and to 

another measure, as about to be explained. 

Combinations among periods 4% to 131*/.9.—In the eighty years 

from 1870 to 1949 there are 240 repetitions of the period of 44 months 
and 26 repetitions of 91 months. The other periods lie between these 
limits as regards repetition. With the separations into groups shown 

in figure 1, periods where Wolf numbers are >20 include more entries 
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than those where Wolf numbers are <20. For some periods, notably 
1313559 months, but also for others, some groups have as few as 

3, 2, or only 1 repetition. But even for the large groups the number 

of repetitions is in some cases so small that mean values obtained by 
electronic computation have little weight. To have stronger mean 

values for computing forecasts from the forms and amplitudes for 

all periods used, we combine the electronic mean values for periods 

41 months up to 154 months in groups of 6 (or of 5) columns. Here 
I quote from Smithsonian Publication 4545, pp. 26, 27. 

The combination of 6 member columns into a general mean, as we do for 

periods less than 15144 months, will best be understood by a numerical example. 

The letters a, b, c denote, respectively, data of January-April; May-August; 

September-December. Subscripts 1 and 2 with them mean first and second 

halves of the records. As expected, these columns are not in the same phase. 

The signs, ok, 7, and |, show how much the columns must be moved up or down 

bodily to be brought into the best posture for uniform phases. When the mean 

percentage departures from normal in the final column of the table 5 are 

used in the summation for prediction, the columns marked “ok” are to be 

replaced by the general mean column without shifting. The general mean values 

are to be lowered 2 months at bi, lowered 3 months at be and raised 1 month at 

ae, so as to be in proper phases in the summation. 

Taste 4—Berlin. Period, 7.0 months. Wesxlers table. Means. 

Cat. 2, Div. 1. Cat. 2, Div. 2 

a, ‘3 b, M2 cn ok ay y1 by ‘3 @; ok 

94 96 93 114 94 100 

97 100 96 105 97 100 

99 99 96 103 105 101 

99 95 91 100 109 97 

99 99 94 105 109 97 

99 95 101 103 115 99 

98 91 95 109 112 98 

1 From Smithsonian Publication 4545, p. 26. 

Taste 5—Berlin. Period, 7.0 months. 

Rearranged table with symbols unchanged.1 

Cat. 2, Div. 1 Cat. 2, Div. 2 owe Gener 
a, ok Dee c, ok a, A 3 b, 3 c ok > +6 

99 99 93 109 109 100 +9 +1 

99 95 96 114 5 100 +19 +3 

99 99 96 105 112 101 +12 +2 

98 [95 91 103 94 97 —22 —4 

94 i91 94 100 oz by = a 
97 96 101 105 105 99 + 3 +0 

99 100 95 103 109 98 + 4 +1 

1 From Smithsonian Publication 4545, p. 27. 
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Beyond 153 months in period, practically every period, when plotted, betrays 

confusion, for shorter harmonic periods override the period sought. This 

requires what is by far the most arduous computation of all. After the elec- 

tronically prepared tables are received from Mr. Wexler they must be treated 

to clear the overriding shorter harmonics away. It is sometimes difficult to 

decide which submultiples are present until after one or two futile trials. Such 

repeated trials with periods 54 to 91 months in length are very tedious. 

I will refer to examples of this procedure from Smithsonian Publi- 

cation 4545, pp. 22, 23, and 32, and cite the studies of Rome, Kief, 

and Cape Town of the present paper, figures 2, 3, and 4. It will be 

clear from these examples that stations in far separated regions of 
the world present harmonics of 273 months as approximately perfect 

sine curves, of large percentage amplitude, when confusing harmonic 

submultiples are removed. The foregoing must be convincing, I think, 

that our discovery is sound of important harmonic periods in weather 
related to the master period of exactly 273 months. 

FORECASTS OF PRECLPLLA LION Hor 

23. FOREIGN-CITIES 

Preceding pages have shown that 27 periods which are exact 
harmonics of 273 months may be so fully cleared of confusion as to 
display in all cases approximately sine curves in form. The basic 

interval for determination of forms and amplitudes of these harmonic 

periods in this paper covers records of precipitation of the 23 cities 

from about 1870 through 1949 or 80 years. See table 6. In this basic 

interval are 26 repetitions of 91 months, 240 of 44 months. We have 

determined the percentage of normal monthly precipitation from 1870 

to 1949 for 27 periods at 23 cities. Therefore, knowing the average 

form and amplitude of these 27 periods for 80 years preceding 1950, 

it was assumed that by adding the amplitudes of the 27 periods, as 

thus determined, throughout later years a fair monthly forecast can 

be extrapolated covering the interval 1950 through 1970. Favorable 

results had been obtained by such methods for 32 cities in the United 

States, as published by Smithsonian Publication 4390. Figure 5, as an 

example, graphs the forecast and observed values from 1938 through 

1949 for Lagos, Nigeria. The years 1938 through 1949, though 

lying within the base period, 1870 through 1949, are, it must be con- 

ceded, as fair a test of the method as those following 1949. For no 

observation of a single year of the march of weather, 1938-1949, can 

affect the “forecast” for that year by more than or 14 percent. 
12 

80 x 12’ 
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SMOOTHING 

In figure 5 the monthly “forecasted” values represent the average 
influence of from 26 to 240 repetitions of the harmonic periods. So 

they may be fairly regarded as “smoothed” values. To be fairly com- 
pared with them, the “observed” precipitation, 1938 through 1949, 

must also be “smoothed.” Heretofore in my publications I have 
employed the “5-month consecutive” smoothing. But this frequently 
tends to displace maxima or minima by 1 or even 2 months. I now 
introduce in figure 5 a better formula. It still involves 5 months, but 

as follows: ;)(a+2b+4c+2d+e). This gives the central month, 

c, two-thirds as much weight as the other 4 months combined, instead 

of one-fourth the weight of the other 4 months combined, as was the 

case in “5-month consecutive” smoothing. 

EFFECT OF HYDROGEN BOMBS 

I had intended to present the foreign city forecasts of precipitation 
after 1950 nearly as I had published forecasts for 32 American 

cities in Smithsonian Publication 4390. But when the United States 
and the U.S.S.R., about 1950, began exploding powerful hydrogen 
bombs, whose products rose to immense heights and remained long 
in the atmosphere, the new conditions might well invalidate my as- 
sumption that the average forms and amplitudes of 27 periods which 

prevailed 1870-1949 would indicate what precipitation would follow 

in succeeding years. 
I found evidence to support the following conclusions : 

(1) That my method of forecasting gave good worldwide results 
for the decade, 1940-1949. ; 

(2) That it is less successful generally, 1950-1963, except for a 
few stations during 1953-1957. 

(3) That there was enough probability that it would hold, 1965- 
1970, so that tabulation of forecasts for those years may be useful. 

A brief method of demonstrating conclusions (1) and (2) lay in 
the presentation of spot graphs connecting predictions with observa- 

tions. For if the summation of average forms and amplitudes of 

27 periods, as they were from 1870 through 1949, perfectly repre- 

sented the observed march of percentages of normal precipitation for 
those years, then the spot graph for 1940-1949 would be a 45° line 

with all spots lying upon it. A glance at World Weather Records 
shows, of course, that no such perfection can be expected. Take for 
example only the month of June at Athens: 
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Year observed: 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 

Precipitation (inmm.): 86 13.3 184 0.6 01 04 48.8 23.7 38.9 0.4 

Normal: 15.3 millimeters. 

Yet even for Athens the spots on graphs should clearly tend to 

approach the 45° line. They do in the decades preceding 1950, but 
scatter widely after 1950. 

I now draw attention to figures 6, 7, 8, 9, 10, 11, which present 

spot graphs of forecasts and observed values smoothed by 79 (a+ 

2b+4c+2d+e). The figures show for Adelaide, Athens, Greenwich, 
Buenos Aires, Johannesburg, and Uppsala, precipitation in per- 

centages of normal. The bombing, beginning about 1950 was dis- 
continued for several years, but revived with monstrous power about 
1958. My predictions, 1950-1964, seem much devalued, except for 

some stations during the quieter years 1955-1958. I have spot graphs 
for many other stations. Nearly all in some measure tell the same 

story as those here presented. It was noticed that at Tokyo the years 

1943-1945 fell in the bombing group, for at that time occurred the 

bombing of Hiroshima and Nagasaki, though done with comparatively 

weak plutonium bombs. These caused only a moderate effect com- 

pared with that caused later by hydrogen bombs. 

THE FORECAST FOR NAGPUR 

Nagpur is the only one of the 23 foreign stations which has a 
purely monsoon precipitation. Nearly all of its yearly precipitation 

falls in the months June, July, August, and September. In the 

9 years, 1941-1949, World Weather Records tabulate 447 inches, of 

which 385 inches, or 86 percent, falls in those 4 months. The forecast 

for Nagpur was prepared identically as for other stations. That is, 
Wexler computed the percentages of normal monthly precipitation 
for 80 years, tabulating 222 separate tables of departures from 
normal. We added the separate contributions of the 27 periods for 
each month 1938-1949. We also smoothed the observed monthly 
precipitation for these 12 years by the formula 75 (a+2b+4c+2d+e). 
These monthly percentages of normal, forecasted, and smoothed- 

observed, were plotted for Nagpur for years 1944-1949, but they 

seemed meaningless because of the monsoon distribution. I omit them 

here. 

I, therefore, reduced the monthly departures from normal to milli- 

meters, forecasted and smoothed-observed, 1944-1949. This actual 

precipitation is plotted in figure 12. These forecasts are fully as 
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Fic. 6.—Adelaide, Australia. Precipitation, forecast and ob- 

served, 1938-1949 compared with 1950-1963, in percentages 

of normal, showing the effect of hydrogen bombs. 
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Fic. 7—Athens, Greece. Precipitation, forecast and observed, 

1940-1946, 1952-1955 compared with 1947-1951 and 1956- 

1963, in percentages of normal, showing the effect of 

hydrogen bombs. 
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Fie. 8—Greenwich, England. Precipitation, forecast and ob- 

served, 1938-1950 compared with 1951-1962, in percentages 
of normal, showing the effect of hydrogen bombs. 
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Fic. 9.—Buenos Aires, Argentina. Precipitation, forecast and 

observed, 1941-1950 compared with 1950-1962, in percentages 
of normal, showing the effect of hydrogen bombs. 
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Fic. 10.—Johannesburg, South Africa. Precipitation, forecast 

and observed, 1938-1948 and 1954-1957 compared with 1950- 

1961, in percentages of normal, showing the effect of 

hydrogen bombs. 



i) to SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 

1945-1951 and 1955-1962 

| 

| NORMAL } 

NORMAL hs 37 ot 

2 4 6 a TOs 2, iden Ven socueneO 

ic. 11—Uppsala, Sweden. Precipitation, forecast and ob- 

served, 1940-1944 and 1952-1954 compared with 1945-1951 

and 1955-1962, in percentages of normal, showing the effect 

of hydrogen bombs. 

151 



STUNTS a /PR MI CEIG(Q) aul] pI}jOp : 4SP991O4 

‘6b6I-Ph6l ‘PeAtesqgo pue jseoo10F ‘(S1oJoWT[IUI ur) UOTZeydIoVI1d ATYJUOUI ‘erpuy ‘indseN—Z] ‘DIY 

+ eleteoleb tHe eb Selle He letnelet tol lt feb telnelctefote al lb lebl8lc lolol feb lefeolsolb[ lcb lel 
ea LL | ie rshl UT Leeer TNT ETCH CPRAH Ree ALL TTT TeX Es eee NN Cane x 

ic
al

 
3
 

e 

AA
 £0
 

f
 

i 

| +0
 

;
 

. 

a
 s'0

 

ci
 90
 

Z
 fi

 

(o
} 

: 

80
 

:
 

=o
 

i 

60
 

.
 

— a
e
 

A
 0'1

 

Z 

a 

F
 

°
 

z 

ZI
 

a
 

5 o 

aI
 

el
 

:
 

a 

2 

rl
 

ea
l 

=
 = 

9
1
 

al
t 

Lio} a 

e) 

S 

Z 
3 

SD
) 

N
 

l 



24 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. I51 

representative of the events through those 6 years as could reasonably 

be hoped for, both as to timing and quantity of precipitation. It may 
be noted that after February 1945 the short dotted line marks the 
change from Wolf sunspot numbers, less, to Wolf numbers greater 

than 20. 

The coefficient of correlation at Nagpur between “forecasted-from- 

1870” and “smoothed-observed precipitation,’ 1944-1949, as observed 
in millimeters, has the astonishingly high percentage value +90.1 per- 
cent. Equally long-interval correlation coefficients between forecasts 
and smoothed-observed events for others of the 55 world stations, 

which we have forecasted, usually run between +50 and +70 percent. 
At Tokyo, 1938-1949, omitting bombing years 1944 and 1945, the 
coefficient of correlation indeed is higher. It reaches +72.5+4 percent. 

The results of Tokyo precipitation are so instructive that 1 present 
in figure 13 the monthly forecast and smoothed observed precipitation, 

1938-1943, with comments thereon. 

COMMENTS ON FIGURE 13 

This figure was prepared in long-hand by copying a section of the 

original computation, which was in pencil. I sent a photographic copy 
covering the 30 years 1933 to 1963 to Dr. Arakawa in Tokyo, about 

4 years ago. 

1. Figure 13 will testify that the preparation for computing long- 
range forecasts of weather from early records of forms and ampli- 

tudes of 27 harmonics is very tedious. Many of the signs and numbers 
copied for figure 13 were so dim in the original penciled computation 
that probably some errors occurred in copying them in ink. If so, 

such errors do not prejudice the curves of prediction and event. These 
are as originally drawn in ink. 

2. I chose 6 years when prediction and event show large amplitudes 
of variation from the normal monthly values of figure 9. The extreme 
range of variation exceeds 130 percent of normal precipitation. 

3. In the 44 years, 1938 to June 1942, the dotted curve of observa- 

tion averages about 25 percent of normal above the full curve of pre- 
diction. But from July 1942 through 1945 the observed curve (as sent 
to Dr. Arakawa) averages about 40 percent Jower than the predicted. 
I attribute this to the plutonium bombing of Hiroshima and Nagasaki 

in 1943. 

4. Even larger and more capricious discrepancies between predic- 
tion and event occurred for the years 1950 to 1953, and also for the 
years 1959 to 1963. This may well be due to the enormously powerful 
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hydrogen bombs, released at high levels in the atmosphere by the 

U.S.S.R. and United States, about 1950 and 1958. My predictions 
indicate that these tremendous explosions, and their fallout, produced 
noticeable effects on precipitation in all continents. I have given 

illustrations to show this in figures 6-11. 

YEARLY FORECASTS AND OBSERVATIONS 

To support the value of long-range predictions made from harmonic 
periods found implicit in World Weather Records, 1870-1949, I give 

in figures 14-17 yearly values covering about 25 years each for four 
widely separated cities. The cities chosen are Buenos Aires, Copen- 
hagen, Johannesburg, and Lagos. The yearly mean values are plotted 

in light lines, full and dotted, as departures from yearly normals. To 
make the comparison clear, both forecasted and observed yearly means 

are then smoothed by the formula 75(a+2b+4c+2d+e). It becomes 
fully apparent that the differences between prediction and event are 
much less than the average amplitudes of their common variations. 
Yet their agreement is disturbed after 1950 by the bombing effects 
considered above, and illustrated in figures 6-11, except at Johannes- 

burg where the bombing effect is hardly noticeable. Some differences 
in phases occur in each illustration. 

MONTHLY AND 4-MONTHLY FORECASTS 

As stated above I had expected to compare monthly forecasts with 

observations 1950-1970, but found the bombing effect so noticeable 

from 1950 to 1964 at most cities that it seemed doubtful that such a 
comparison from 1950 would be useful. But for what it may prove, 
I give in table 7 forecasts monthly and 4-monthly, 1965-1970. 
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1938: 39-40) 41) 42. .48,.49; 50 51° 52 56.5 

Fic. 16—Johannesburg, South Africa. Yearly precipitation, 

forecast and observed, 1938-1961. 

Forecast: solid line Observed: dotted line ...... 

Smoothed: heavy solid line 
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